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Most preciinical leads exhibit poor ADME/PK properties 
and require optimizing to increase the likelihood of 
becoming successful pharmaceuticals. As a means of 
acceleratit^ the evaluation of these leads m vivo, we 
assessed the use of LC/MS with the chemiluminescent- 
nitrogeu detector (CLND) and a stable isotope to identify 
and quantify in vivo metabolites and to measure excretion. 
A ^■‘C-Iabeled preciinical lead that also contained two 
chlorine atoms was administered orally to rats, and 
samples of bile, urine, and plasma were collected and 
anal>zed by LC with radiodetection and by LC/MS-CLND 
with the chlorine atoms used as tracers. Both methods 
identified seven metabolites in bile and two metabolites 
in urine. The amount and abundance of each metabolite 
was measured, and the results were equivalent for the two 
methods. Material balance was measured by liquid scin¬ 
tillation counting of the starting samples, by LC/radiode- 
tection, and Ly LC/MS-CLND. All three methods yielded 
the same results and showed that the primaiy route of 
clearance was metabolism followed by immediate excre¬ 
tion. This study demonstrates that LC/MS-CLND uath a 
stable isotope is a method that can efficiently track and 
accurately quantify metabolites, making it possible to 

rapidly study ADME/PK in vivo without radiolabeling. 

Advances over the past decade in the areas of computational 
chemistry, split-and-mix and parallel chemical syntliesis, and high- 
throughput screening have revolutionized the drug discovery 
process by greatly improving tlie efficiency of generatiug biologi¬ 
cally active “hits". The increase in the rate of identifying hits has 
in turn put more pressure on early development by providing more 
compounds to be evaluated as potential drug candidates/'^ The 
primary role of early development is to evaluate the in vivo 
properties of preciinical leads and to identify problems that may 
result in a lack of efficacy, in toxicity, or both/ These problems 
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stem from properties related to absorption, distribution, metabo¬ 
lism, excretion, and plasma half-life (ADME/PKi iid must be 
overcome if tiie drug discovery process is to result in a clinical 
success. 

Most early development groups have responded to the increas¬ 
ing numbers of compounds to evaluate by employing processes 
similar to those used in the hit generation process, namely, to 
exploit screens that use less compound, are faster, and can provide 
critical information for less money. It is now common for ADME/ 
PK screens to. be incorporated earfy into compound optimization 
strategies so that only compounds with favorable activity, selectiv¬ 
ity, and ADME/PK characteristics are studied more tlioroughly 
in vivo.* For example,; in vitro monolayer permeability assays for 
absorption, in vitro parent stability assays for metabolism, and in 
wvo cassette dosing for plasma half-life are being performed in 
parallel with primary in vitro screens for bioactiwty and selectivity. 
Although in vitro ADME screens can he predictive of in vivo 
properties, they do not alwa)^ correlate with tire in vivo behavior 
and, therefore, should not necessarily be considered surrogates 
for in vivo ADME/PK studies unless an in vitro—in vivo correlation 
has been established. 

Currently, tlie preferred mefliod for following the fate of a drug 
in vivo is to administer a radiolabeled form of the compound, 
typically one that incorporates **0 Into tire structural core (see 
ref 5 for a review). A radiolabel is an ideal tracer because of the 
ease with which it can be detected and quantified. Hence, the 
incorporation of a radioisotope into the core of the molecule 
permits the detection and quantification of biotransformation 
products (metabolites) and provides a reliable measure of material 
balance of tlie administered compound. Radioactivity is the gold 
standard for tracing and measuring the ADME properties of a 
drug candidate, but there are many drawbacks to its use with 
compounds at the discovery-development interface. For example, 
the synthesis and purification of the radiolabeled compound, (he 
performing of radioactive animal studies, the processing and 
storing of radioactive samples, and tlie disposal of samples that 
are both radioactive and biohazardous make radioactive studies 
time-consuming, difficult, dangerous, and expensive. In addition, 
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radicrwAmv^. /.whinrs for rma sucli 

as a tissue wxidixer, whole "body autoradiography an. 

Hl’LC radioactivity detector, and typically, .-. diss 

Therefore, the costs and leait tit: requirt'd u» 
pe.rt'-inu radioactive studies make them impraetlcal and uitf .sible 
eaiiy in the drug discovery and optimization processes where they 
could raake the greatest inipact. 

LC/MS is used extensively to idciitthy daig nietiibolites, but it 
is not used quantitatively uni aiidien , stan . ds of the 
ineiaholites are avafiable (sec ref i> for e—ievv), V ■ ."'•■y .1. 
previously tliat thirrlTr-i;. r d,''.:,:■ ■: i. 

is excellent for .aceijri!i‘■ quaPuj ■ . tha. v.onwi 

nitrogen using an i \i' mal standard.^ The only requirement for 
quaiUificntion, be ■ msi? of tise equinioiar r wns of die detector, 
is knowltalge of the niinibor of nitrogen atoms in the analyte. We 
also deinonstj-ated the utility oi using CIJxD in conitmetion wilh 
LC/MS for simutemeous compound identificatioii and quaiitifica- 
tioti. iowis et al. recently showed that the sole exception to 
eqiiimtiiar resjMinse of the. CLMD arises from chemical substimc - 
tnres containing adjaceni nitrogen .atoms, such as aao groups, 
presuraabiy because the sdjace.tii lutrogeii atoms we released, a? 
Ns gas Ufjon mcineration.'- However, ftie fuithors went on to show 
that this deviation from erjuitiiolajily is predictable and can be 
corrected for in a quantitabVe jnanner. 

fa tills study, we introduce and validate a novel way of using 
IX/MSCIJS'D to study'.4DME propenies mtd to nicasiire material 
balance in vivo. Using a compound containing a radioisotqije (*'Ci 
and a stable isotope fCl), a pn;clinical study was analyzeft by bihh 
stendard nidionietric methods and by LC/MSCIJN'D to identity 
and quanlily meUibulitfs and to daeniaiie the major routes of 
cleanmee of the coiiipouud.'rhe goal of tlris analysis was to show 
tJiat the combinatiuti of inexpensive tmd easy to iiwidk- stable 
isotopes with I.C/'MS-CLND is an uEttirnadve to tbe use of a 
i^diolabel. 'the use of stable isirfopes wirh MS analysis pi'ovides 
a specific tracer for identification in complex matrixes, ;md the 
CLND iJcnnits accurate quautillcation without nulheritk sUmdardit, 
The results iviK demonstrate that tins nietiiiidciogy' provides a 
i'ueans to keep pace witii the study of analogues in tlie le.id 
optiiiiteati-an process and i;o lUidersfaod the in vivo behavior of 
compounds significantly' faster .and in a more cost-effective 
maiiDer. 

EXPERIMENTAL SECTION 

Reagento. CHIR t®021 was synthesiiied at Chiron Coniuratioii 
(Emeryville, CA), [^''CjCHtR 99021 wa,s .syrdhesired at WTrard 
I,al>oratoiies G'fTst Sacramento, CA), and b-nth wTre supplied us 
dry powders. Reference standard grade diphenhyxlnamine was 
purchased friMii Sigma Chemical Co, (St. l.i:mis, Mf.Vi. flPLC grade 
mothtmcl (MeOH) .and 2-propanoi tJPA) were purchased from 
Fisher Scienti.flc (Kttsburgh, P.4). Water was purified tlirough a 
iV!illi-Q ffiusTOC water puryicafioii system (Milliporc Corporation. 
Bedforcl, MA). Sequt-ndiig grade triflitoroncetic acid (TFAj was 
purchased ft'otii Pierce Chemical tl<fickford, !L). 

{!>) ClarkA N. f,; Rirdasn, D.: K'X'fmsclier. (V. r\.i Cos, K. A. .-fe/. Oii'm. 2001 , 
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Cipnfcrciice; Neo Orlrans, [A, 


Instrumentation. ChroiuafagrxpJiy was performed oo a Shi- 
niadzti yp Series HPl.C system (Columbia, MD) equipped with 
H rnic-oilowesfU, a 25-«L static miser (Ai,ia2ytic,al Scientific Iiistni- 
nients, El Subrante, Cj:\) and ::t).()05 iu. interna] d.iasneier (Ld.) 
PEEK tubittg tltrmigliouf. Owing to the difficulty in rendering an 
HPl.C system “nitrogen free,” ihis HPLC is dedicated ibr quan- 
titatiou w'ork requiring tire CLN O. Foilowing U¥ clctccfioa, the 
eluate was either split • by a Hiicrovolurao Y-cr)nncctor (V'alco 
IriStniment b , Inc., Houston, TJy) tadweeii a CLN'D (model SOoO, 
,4utok Instruinenfs, Inc, Huuaton, ITi) and an L' ) ion trap mass 


spectroii ' -inA ■ • 

ii>! cdively, or 

io :i rv.i .m: fo.-P • i 

>Si''I'liis. Inc., 
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Animal S(udie.s. .1) Spnague- Pawl 

■ s i/.iO -30f.) g) 

were canrmlated iti the bile dssci, allowed to r 

;er for one week. 


thun caiuiulaied in both tire jugular atjd femoral veins and allowed 
to recover for 2 days. Aiiiniols were tirovided rat chow ;md wafer 
ad libit.iun and (tiaiiUniited on a 12 It light/dark schedule during 
recovery periods. Do'iisg solutuuis were |:>rcpared by dissolving 
C!nR.S902l in 10 mM citrate/1.4% dimethylacefaniide at 3.K mg/ 
mLand hi 10 niM dtra!c/2.S% (v/v) dbiiethylaceiamkle at 3 mg./ 
niL for intraYorLous ([¥) itnd per oral (F’O) administration, 
respeclively. The npproprisite iunourit of [ -’CKTIIR 99021 was 
mixed ivitli unlaheted CHIR 99021 in each dosing solution such 
that. - -fi/^Ci was delivered to each rat. Following fasting for 1-3 
!i, animals wei'e dosed fay fV bolus at 5 mg/kg or by ora! gavage 
at 30 mg/kg. Bile was ccnitituiousiy collected for 8 li in 2 h 
hicreraenlii. and urine was collected after 4 h, S h, and 24 h. 
Samples ivere stored at -20 'C iialii analysis, A total of 3 rais/ 
route of adniinistratkin were used. Rats were euthanizetl by lethal 
injection fo!lc:iv.dng t!ie last sample collecti'in. 

.4jialysis of Samples. Samples at eacii coilectioa period were 
poohxl. Bile anti urine samples were centrifugt'rd at 1400()g for .9 
min. ITasma sarapics were (tredpitated with 3 k volume of 
acetonitrile, dried under v.^cuum, Mien reconstituted vrifb 10% 
McOH. 0.1% TF.A in l/fi of the initial plasma volume. For LC/ 
tJV'-CLNIi-MS :ui.a!ysi!s, 2,.‘j. 5, and Ji.!/rl..cadi of bite, urine, and 
plasma siunple, respectively, was Injectod onto a BetaBasic Cik 
coltnun, 1. >'■ 1,30 iittn, .>/<tn particte size (Therittc) Hypersi!- 
Keystcnie, Bclicfonte.', PA), and the colunn) was ciuted at lOO.nL/ 
inia with a linetu' gradient 6'om 2(3 to 40'/. solvent B in .30 min. 
Solvent ,A was 0.1% (v/y) n/A in water and snlvent B was O.CS% 
to,'Vl TEA in 75% fy/v) McffH, £5% iv/v) IIIA. Ifor urine samples, 
the coliumi was washed witii lO'li solvent B for 10 min before 
starting the gradient to remove uric acid and other unbound 
nitrogeji-containing ciinipounds tilat would cause Interfenuice, 'Hue 



CLND settings for bdet oxy'gen, iiiiiketip iirEon, ozone oxygen, 
find Idglt voltage wmi 225. 200, lUid 40 niL/toln, and '750 V, 
respectively. MS data were coilefted in positive niodc using the 
cterirospray interface equipped with a metal capillary,'Hie siKirce 
voltage was set to 4.5 kV: the sheath gas, to 60; and the heated 
desolvatloii capillaiv w'fis held at 200 'C, Specha were accfaired 
with an automated MS- iiietiiod using a relative colKsioii etiergj' 
for CTD of-15. 'fliis method mcDiporated four scan evenis—one 
MS scan, one MS'^' scan, and two .MS' scatis-and ulilfeed dyiiaink' 
exclusion to p.^’cveut isolaiion and CID of only the most abunebrnt 
ion and its related isotope ions. Daia-df-pendent MS/MS was 
performed on the most aburidaut ioii in the parent ion scan with 
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an mtensity greater than 1 x 10® counts, thendata-dependentMS® 
was performed on the most and second-most abundant ions in 
the MS/MS scan. The scan range for the parent scan was 300— 
800 m{z, and each scan consisted of 3 microscans with an auto 
gate control (AGC) target of 50 ms. The global isolahon. width 
for CDD was set to 6 amu. and a parent ion defeult charge state 
was set to rfl to calculate the scan range for the product ion scans. 
Each MS* scan oonsisted of 5 microscans vrith an AGC target of 
200 ms. The global dynamic exclusion settings for exclusion mass, 
repeat count, repeat duration, and exclusion duration were 6 amu, 
5 scans, 1 min, and 1 min, respectivelj^. 

Total radioactivitj' of each sample was measured by liquid 
scintillation counting (LSC). For RP-HPLC with radiodetection, 
25 /iL of each bile and urine sample was injected onto a BetaBasic 
Cis column, 2 x 150 mm, 5:ijm particle size, and the column was 
eluted at 400 /iL/inin with a Enear gradient from 20 to 40% solvent 
B in 30 min using the solvents described above. The eluate was 
directed to the /1-RAM where It was mixed witli IN-FLOW ES LSC 
cocktail (INAiS) at a scintiUant-to-eluate ratio of 4:1, resulting in 
a flow rate of 2 mL/min in the flow cell and residence time of ~7 
s. For the analogue output from the j3-RAM, the time per point 
was set to 5 s; smoothing, to 3 points; and the counts at full scale, 
to 50. The sensitivity and accuracy of the online detection was 
corroborated by collecting fractions over an entire chromatogram 
and counting all fractions off-line by LSC. 

For quantification of metabolites by tlie CLND and radioactivity 
chromatograms, integration parameters were optimized for each 
detector, and the same peak integration parameters were used 
for ail samples. Calibration curves were fit using linear regression 
with 1/x® weighting. The CLND and the /?-RAM were calibrated 
using diphenhydramine and the IV dosing solution, respectively. 

RESULTS AND DISCUSSION 

The pujposes of this study were to follow the in vivo fate of a 
preclinical lead via radiolabel and to explore using LC/CLND- 
MS as an alternative means to the same end. We reasoned tliat if 
we could track and quantify the parent compound and its 
metabolites in vivo using LC/CLND-MS, we would be able to 
provide tire same distribution, metabolism, excretion, and material 
balance data to preclinical studies without employing radioactirfty. 
This, in tom, would enable analogues to be assessed in vivo more 
rapidly to determine their ADME properties, which is particularly 
important when in vitro assays are not a surrogate for in vivo 
behavior, or when an in vitro—in vivo correlation has yet to be 
established. 

The compound analyzed in this study was derived from an 
optimization series of which aU the members that exhibited 
efficacy in vivo following PO administration had plasma half-lives 
of <60 min and clearance rates faster than liver and kidney hlood- 
flow combined. Although rapid metabolism was suspected as the 
reason for the short half-lives, no correlation existed between 
plasma half-lives and metabolism in rftro using either raicrosomes 
or primary hepatocytes (data not shown). Thus, to evaluate the 
reason for the short plasma hah-life and the rapid clearance, the 
most eflBcadous compound from this optimization series, CHIR 
99021, was i^adiolabeled with ‘■‘C (Figure 1) and administered 
orally to rats in order to deterrame its metabolism and excretion 
properties in vivo. 
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Figure 1. Chemical structure of CHIR 99021. An asteiisk (*) 
denotes the position of the ’*C. 


. Similar to quantification of compounds by an on-line radioactiv¬ 
ity detector, quantification by CLND requires that the compounds 
to be individually quantified be separated from one another. CLND 
also requires separation of the analyte from other nitrogen- 
containing components in the sample or matrix. To achieve the 
necessary resolution for the metabolites in our samples, tlie slope 
of the gradient was reduced to 0.67% B/min over the region where 
these compounds eluted. AU of tlie metabolites were well-resolved 
by the chromatographic conditions used (Figure 2) and were 
observed to be stable. There was no significant interference from 




Figure 2. Chromatograms from RP-HPLC analysis of 4-S h bile 
and 4-8 h urine. The UV and CLND traces are from the separation 
on the 1-mnn column and the radiodetector trace was overlaid from 
the separation on the 2-mm column. Peaks corresponding to 
metabolites ane labeled by the ion detected from the MS 
analysis. A and B denote the two observed species of 657 MH ' ion. 
Note that the ratio of the peak heighls between the CLND and 
radiodetector for each metabolite varies depending on the number 
of nitrogen atoms In the metabolite. 
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Figure 3. Pv!S anaiysis of 4-6 h bile following RP-HPLC. The entire MS fiie is prssented ae a density plot in whiah intensity correlates to 
darkness of the spol. Metabolites were identitiecl l3y the isotopic pattern that is characteriatio of chlorine atoms and are circled. Arrows show 
Ions formed by in-source fragmentation of tfie parent iorr. The largo bands of inns eluting at 2 and 34 min are the flow-througii and column 
WBSh, respectively. 


nitrogemcotiLaining conipounds in any of the matrixes vt'c txara- 
inal, iitcluding those that were preLipiUited witli acftonilnie 
(plasma, liver, kidney, and muscie). 'Hic lack of interference from 
nilrogeti-conLaitiiiig compotinds in the matrixers wtis ufiexpeotetl. 
'The limit of (ktectioti by CkND was pmol cjl: nitrogtra Injected, 
which transiatc-d to '^3-5 pnicsi of t'.onipound. 

GHIS ftfiOSt contains two chktrine atoms, aitd the distinctive 
isotope pattern resultiitg ti'Oni the presence of these attans, an 
isotopic ion 2 ainu heavier than and C£% of tht' mtensity of the 
inoEioisotopie ion, was ttsed to idontify it tuid related oompounds 
by MS, Jo make the kk-iitifcation proci s tlioroi,igh atiti iinbiasocl, 
each MS file was represented as a density plot for klenti&ation 
of metaboiif-i ' on (h'- b:' ' of this pai n, Using ibis technique, 

of metabolites was curroborat , by t!)e "c-ratfiodetecor trace 
(FigHre 2A), w i ic'p'e seven r''“alts wre- evident each with the same 
rcieutfoa time as a ttieUtbotnt peak in tiie CLND trace as k!ontiJ.iod 
by Ms. For the 641 MH+ and 6.S7 MH’ ions that represented 
iV-gluciironidated ( f 176 amu) and O-glucuronitiaferl ('1-192 amu) 
metabolilos, respEctively, some in-source fragnsentatioii was 
observ’ed (Figure 3). In urine, two metabolites were identified 
(Ingure 2B;. 


To elucidate the structure of tiie metabolites from a single 
chi'on-ntcigrapliic analysis, a data-depenclent MS’ method that 
provided MS* and MS’ data Wie> used. To retain the ddorine 
isotope pattern in tJie fragment ions, all precursor ions were 
isolated at .a width of ±3 nimi. Two MS’ scan events were iitilimi 
forfurtlitr stmeturai Information on the teo most intense ions in 
the MS- a’an. To ensure that the rwo MS* scans were of different 


stiaictures anti not isotopic ions of the sajiie streicture, a djuaiiuc 
exciiision width of i-,3 aniii .forced fragmentation of ions that, were 
>.3 ao'dU apart. .An example of the utility of this method is shown 


in Figure 4. lire MS* speefrn of the two 657 MM' metabolites 
show that fraginentnlion of both precursor ions principally yielded 
the neutral loss of glucuronic acid (176 amu) and a fragment ion 
representing a hydroxylated parent compouiid (465 f 16 amu.), 
'Hie most useful itiformalion was derived from the MS* frag- 
meiitation patterns- Coitipuring these two MS’ speefra the location 
of hydri>sylatian on metabolite 657-A was narrowed by the 
presence of the 30Q-tragment ion, which w,'is 16 nimi larger than 
tiu' coiTespnading 284'fragment ion from 057-B. Tire presence of 
the 272-fragiiient ion suggested that the site of hydroxylatfon was 
the methyl group on the imidazole. For metahoUte 657-B, the 
locniion of liydroxylatioii was nturowed by the presence of die 
162-fragnient iwt, as Compared to the corresponding 146-fraglilont 
ion fj'om 6.57-4, and the SliFfragraenf ion, whicli eiirainaied the 
ethyl linker, Tliesc data shov^'tid that the metabolites were 
conjugated at different locations on She molecule: 6,57-4 on the 
meth[inid;mote and 657-B on the aramocytinopyridine. The pro¬ 
posed stniclurc' of each metabolite as determined by this method 
is shown in Table 1. 

The nietaboliics identified by .MS were iiiiaiitilied using the 
'-*C-tadiodeti:ctor traces and the Cl.ND tratx-s in Figure 2, and 
tile results are sunitnailzcd in Tabic 1. For quantification via 
radioaclivit.v, imwunts were detersuiiied relative to the dosing 
solution. For the Cl.ND, amounts wore detertnincd relative to an 
external standard after correcting for tlie number of nitrogen 
atoms in each metabolite. Ttie precision and accuracy of quanti¬ 
fication of both flctectoni were ±3 .and ±15%. respectively. Within 
exi>t'cted eiToc, the .ommirils of :dl metabolites excreted into the 
bile and into the urine at these collection periods were eqiiivalent 
by the two methods. This equiyalcncy was further itlustmtect by 
the similarity of the relative iibitndmicc& measured for each 
mfoaboiite. Since both the ' ‘C-radiodetector and the Cl.ND allow 
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Figure 4. On-line MS'’ analysis of the 657 MH * ions. The MS^ and MS^ spectra of metabolite 657-A and of 657-B are in panels A and B, 
respectively. Each spectrum shown is the average of 3 spectra. The proposed structure and fragmentation patterns of hydroxylated product 
ions (481 rrf4 are shown. 


for the quantification of individual metabolites, the excretion profile 
of the major metabolite, 378 MH+j was examined. As shown in 
Figure 5, both detection methods produced the same results, with 
excretion into bile reaching a maximum by 6 h and tlie majority 
of the excretion into urine occurring after 8 h. In addition to the 
similar profiles, the absolute amounts of this metabolite measured 
in each sample were equivalent for tliese two methods. These 
data show that the CLND can he used to accurately quantify 
metabolites in complex matrixes, 
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To evaluate use of the ClhTD for measuring material balance 
of tlie administered compound, tliree methods for measuring 
cumulative excretion into bile and urine were compared: summing 
radioactirity by liquid scintillation Counting, Summing radioactivity 
by LC with radiodetection, and summing amounts by LC/MS- 
CLND. The precision and accuracy of counting by liquid scintil¬ 
lation were 1 and 5%, respectively. As summarized in Table 2, the 
three methods yielded the same results, within experimental error. 
The percentages of the dose excreted into the bile and the urine 
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Tabla t. Quantitation of Metabolites in h Bile and 4-8 h Urine 




BUe 


C-Radiodetection 


CLND 




Urine 


Cy Radiodetection 


Metabolite 

iMHl 


CLND 


Amount 

Percent 

Abundance 

Amount 

Percent 

Abundance 

Amount 

Percent 

Abundance 

Amount 

(nmol)** 

Percent 

Abundance 

<LOD 

- 

<LOD 

- 






13 

no 

7 


- 


- 

68 

5 

79 

5 

<LOD 

- 

<LOD 


24 

2 

36 

2 

<L0D 


<LOP 



20 

370 

24 

I - - 

-iLOD 

- 



540 

36 

510 

33 

40 

4 

60 

6 

35 

2 

71 

5 

1070 

96 

970 

94 

320 

22 

360 

23 

axDD 





465 

(parent) 


657-A 


320 


427 


495 


378 


6S7-B 


641 



v-4t 


“ Structures of metabolites were proposed on the basis of MS^ and M$^ data'. * Amounts were determined by integrating file peak of each 
metabolite, ealeulating the amount injected on the column relative to a calibration standard, then correcting for the total volume of sample. Values 
are average per animal. <LOD: Below the limit of detection, which was '“5 pmo! of compound for both detectors. 


were —35 and 25%, respectively; '-60% cumulatively. In both biie 
and urine, the parent compound was not detected (Figure 2 and 
Table 1), suggesting that it was not excreted unchanged. In plasma 
samples taken during this study, only parent compound was 
detected (data not shown), suggesting that the metabolites were 
cleared immediately. In addition, the proportion of the dose 
cumulatively excreted into bile and urine following IV administra- 



Figure 5- Profile of 378 metabolite excretion into Me and urine, 
as measured by radiodeteclion and by CLND. 


don was ~85% (data not shown) suggesting tliat the compound 
not completely absorbed in the guL These results show that 
CHIR 99021 is rapidly and extensively metabolized in vivo and 
that the major route of clearance is via metabolism followed by 
immediate excretion of the metabolites into bile and urine. 
Furthermore, the equivalent results obtained via radiodetection 
and LC/CLND show that the latter method accurately measured 
noaterial balance in vjvo and, therefore, can expedite in vivo studies 
by obviating the current need for a radiolabel. 


Table 2. Material Balance df CHIR 99021 Measured by 
Three Methods 


percent of dose 


sample 

LSC“ 

LC/radiodetection^ 

LC/CtND' 

bile 

38 

33 

35 

urine 

24 

24 

22 

cumulative excretion 

62 

57 

57 


“The cumulative cpm in each collection period was measured, 
summed, then divided by the total cpm dosed. * The cumulative cp_m 
in' each collection period was determined by summing the radioactivity 
of the metabolites present in tlie sample, summing the collection 
^iiods. and then diriding this sura by the total com dosed. 'The 
cumulative amount of mateiiai in each collection period was determined 
by summing the amounts of the metabolites present in each sample, 
summing the collection periods, and then dividing this sum by tlie 
total amount of compound dosed. 
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Figure 6. Nitrogen content derived from accurate mass measure¬ 
ment using a quadrapoie-TOF-MS and a priori knowiedge. Mass 
spectrometer was extemaily calibrated prior to LC/MS analysis. For 
predicting elemental composition of the monoisotopic molecular 
weight in the Analyst QS software (AB! SCIEX), the following limits 
were used on the basis of the assumption that this metabolite 
contained the diphenylpyrimidine core of the parent compound: 
maximum number of nitrogen and chlorine atoms were 8 and 2, 
respectively; minimum number of double bonds and rings cornblned 
was 8; and charge state was even, 

CONCLUSIONS 

In this study, we elucidated the structure of each metabolite 
by MS” and used this information to determine the number of 
nitrogen atoms in each analyte for quantification by CLND. This 
nitrogen information can also be achieved by determining the 
elemental composition of the structure. Elemental composition 
can be obtaned using any of tlie currently available accurate-mass 
mass spectrometers. Since metabolites are derivatives of a Imown 
structure, that is, tltere is a priori knowledge, the mass accuracy 
of a time-of-ffight {TOF)-MS is sufficient to deduce tiieir elemental 
composition.’ To illustrate Uiis point, a bile sample was analyzed 
using a SCIEX Q-STAE quadrapole-TOF-MS following RP-HPLC. 
The spectrum of the 378 MH+ metabolite is shovyij in Figure 6. 
On the basis of the intensity of the peak at 380.05 mh relative to 
the monoisotopic peak, this metabolite contained the two chlorine 
atoms from the parent compound. In addition, the monoisotopic 
(MH+) mass was an even number, indicating that tiie number of 
nitrogen atoms in the structure was odd. This and other infor¬ 
mation related to the parent structure were used to limit the 
possibilities for the proposed elemental composition (see figure 
legend). Within a 20-ppm error, only three possibUifies were viable. 
The correct one, which was 12 ppm different from the calculated 
mass, was easily deduced from the parent structure. 

We have demonstrated that LC/MS-CLND is a usefol method 
for identification and quantification of metabolites in complex 
biological matrixes and for measuring material balance in vivo. 
The only requirement for quantification by CLND is the presence 
of nitrogen in the parent compound and the metabolites. Although 
it is possible to identify metabolites in complex matrixes with the 
proper controls, conclusive identification by MS is significantly 
easier if the parent also contains an atom or atoms in the core 


(9) Zhanjf, N.; Fountain, S. T.; Bf, H.: Rossi, D. T. Ami. Chem. 2000, 72. 
800-806. 
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Figure 7. Distinctive isotopic pattern identifies an in vivo metabolite I 

of a i’C fabsled compound. For comparison, the inset shows the 1 

isotopic pattern of the unfabeled parent compound, which is typical 
of a small motecule in this molecular weight range. 

that provide a distinctive isotope signature. The compound used 
in this study contained two chlorine atoms that provided the 
signature. Witii compounds that do not contain halogens, we 
obtain distinctive isotopic signatures by syntliesizing Qiem with 
the stable isotopes '’C or '®0 (Figure 7). Other stable isotopes 
that can be used are and ”N. In addition, we use the spcrcific 
isotopic pattern of the labeled compoimd to set the parameters 
for data-dependent MS experiments that automatically detect, 
record, and fragment only tlie compound and its metabolites. 

Using the methodology described in this report, we have been 
able to study the in vivo behavior of new analogues at a rate that 
kept pace with tlie synthesis of these compounds. For example, 
by studying the analogue series derived from CHIR 99021, we 
idenUfled that particular chemical properties required for the 
activity of tills series were also responsible for its in vivo metabolic 
liability. 

Radioacliidly is still the gold standard for in vivo ADME studies, 
but die ability to perform these same studies widi LC/MS-CLND 
mslead of radiolabeling provides a significant advantage to drug 
discovery and early development. Using this methodology, in vitro 
ADME assays can be rapidly validated so that they are used vritli 
confidence and in vivo structure—activity relationsliips related to 
distribution, metabolism, and excretion can be explored and 
identified. Thus, leading dmg candidates can be optimized in a 
reasonable time frame and at a practical cost. 7 
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